ABSTRACT
INTRODUCTION
Ice creams, chocolates, coffee, cold drinks, and many other beverages that are treated to enjoy but sometimes they become triggers of pain in individuals having sensitive teeth. Dentinal hypersensitivity (DH) has become a common problem among populations. It occurs when the dentinal tubules of tooth gets exposed, [1] resulting in an unpleasant sensation while eating or drinking or even by cold air. [2] Technically, the triggers of this pain are the external stimuli which include electrical or mechanical stimulus like pulp testers, osmotic stimulus like sugars, or thermal stimulus like hot and cold. [3, 4] Prevalence of DH varies from place to place and person to person. A study reported by Dhaliwal in 2012 [5] reported that 40%-50% of North Indians suffer DH and Rees et al. [6] showed that DH is more prevalent in the adult population, ranging from 4% to 74%. Naidu et al. [7] in South India showed DH prevalence to be 32% in the adult population, while Babu
Comparative evaluation of neodymium-doped yttrium aluminum garnet laser with nanocrystalline hydroxyapatite dentifrices and herbal dentifrices in the treatment of dentinal hypersensitivity et al. [8] reported that rural population of Southwest India was having DH approximately 62% and males were more affected than females while only 38.1% urban population.
The phenomenon of DH is based on hydrodynamic theory, according to which when dentine comes in contact with an external stimuli, the flow of fluid inside dentinal tubules increases and this movement of fluid causes changes in pressure of fluid and stimulates the pulpal nerve receptors on the dentine which in turn responds in the form of pain. [9] The intensity of pain depends on the intensity of stimuli. [10] DH is caused when the dentinal tubules are exposed. This exposure occurs due to cementum/enamel loss. There are many factors that are responsible of enamel/cementum loss. These include attrition, [11] abrasion, [12] erosion, abfraction, [11] gingival recession, [13] periodontal treatment, [14] bleaching, [14] and root exposure due to age. [15] There are several desensitizing pastes reported in studies that are capable of reducing DH such as potassium nitrate, sodium fluoride, and calcium hydroxide, [16] but permanent cure is still a matter of concern. A new treatment modality to treat DH has been evolved in the form of laser. Treatment of DH using laser was first done in the year 1985, [17] since then many researches have been reported for the treatment of DH using lasers.
The aim of this clinical trial was to evaluate and compare the clinical significance of neodymium-doped yttrium aluminum garnet (Nd:YAG) laser with and without use of nanocrystalline hydroxyapatite and herbal dentifrices after a nonsurgical periodontal therapy.
MATERIALS AND METHODS
The study was a double-blind, randomized, controlled clinical trial. The period of study was 2 years. The protocol of this study was approved by the ethical committee of King George's Medical University (9390/Ethics/R. Cell-16). It was also registered in the Clinical Trial Registry of India (CTRI) (REF/2017/03/013586). A total of 180 participants (sample size calculated using G* Power v.3 software (Faul, Erdfelder, Lang and Buchner, 2007) [18] were selected from the patients referred to the Outpatient Department of Periodontology and Conservative Dentistry and Endodontics, King George's Medical University. The clinical efficacy of every participant was assessed by air-blast test and cold-water test and the response was calculated using Verbal Rating Scale (VRS). [19] The inclusion criteria included systemically healthy patient having at least two sensitive teeth in each quadrant and willingness to comply with all study requirements and written consent, no treatment received for periodontal disease in the past 3 months, no ongoing treatment for dentine hypersensitivity, and should not be on medication. Patients who smoke or chew tobacco and were alcoholics and had caries were excluded from the study. Pregnant, nursing women, and physical and mental disable patients were also excluded from the study.
Clinical examination
All the selected patients were first subjected to periodontal examination before nonsurgical periodontal treatment, that is, manual scaling and root planning (SRP) done using Hu-Friedy scalers and curettes. After the treatment, they were randomly assigned to different groups. Plaque index (PI) of Silness and Loe (1964) [20] gingival index (GI) of Loe and Silness (1963) , [21] calculus index (CI), [22] and periodontal pocket depth (PPD) was examined and recorded in every visit of patient after the respective treatment of each group. It was done to evaluate the relief in pain of dentin. Regular follow-up of each patient was done at baseline, 1 week, 1 month, and 6 months.
Pain scoring
In every visit of each patient for the treatment in respective group, VRS was calculated according to (Clark and Troullos 1990) , 0 = No pain; 1 = Mild pain; 2 = Moderate pain; 3 = Severe pain; and 4 = Severe pain that lasts more than 10 s.
Standard protocol for laser treatment Nd:YAG fiber tip was placed at a distance of 1-2 mm from the target tissue. The power (1W), frequency (10 HZ), and time (60 s/cm 2 ) was adjusted. The procedure was repeated up to 5-20 times at continuous wave mode in sweeping manner. The laser treatment was given to the patients at baseline, 1 week, 1 month, and 6 months, who were randomly assigned to laser groups. (Protocol was followed according to manufacturer's details: Fotona, AT Fidelis, Slovenia).
Treatment groups a. Control group (CG); n = 30: The patients of this group were treated with SRP only and were clinically examined in every visit b. Test group 1 (SRP + nanocrystalline hydroxyapatite) (TG 1) n = 30: The patients of this group were first treated with SRP and a dentifrice containing nanocrystalline hydroxyapatite (Aclaim toothpaste, Group Pharmaceuticals Ltd., India) was given and was advised to use two times a day and were clinically examined in every visit c. Test group 2 (SRP + nanocrystalline hydroxyapatite + laser) (TG 2) n = 30: The patients of this group 3, and TG 1 group. PI persistently reduced maximum in TG 2 group, while no change was evident in CG. Repeated ANOVA measures displayed TG 2 and TG 4 were highly significant among all groups. Table 1 showed alteration in mean PI of all groups from baseline. Post 1 week to 6 months, TG 2 group was significantly reduced and maximally changed [ Figure 1b ]. Table 2 and Figure 2a revealed the comparison of mean GI among all the groups. At baseline, the mean GI was insignificant (P = 0.182). Post 1 week to 6 months maximum reduction occurred in TG 2 (200.8 ± 37.7; 160.6 ± 32.5; and 104.7 ± 23.8, respectively) and minimum in CG (238.1 ± 19.3; 242.4 ± 17.9; and 247.4 ± 21.6, respectively). Thus, repeated ANOVA measures showed TG 2 group as highly significant with F value of 555.88. On comparison [ Table 2 and Figure 2b ] at different time intervals (baseline, 1 week, 1 month, and 6 months) among all the groups observed similar trend of reduction, that is, highest values for TG 2. Table 3 and Figure 3a presented comparison of mean CI among six groups. At baseline and post 1 week, maximum reduction was in TG 4 (235.0 ± 21.9; 202.2 ± 20.0), while minimum in CG (255.7 ± 18.9; 242.3 ± 19.5). Post 1 and 6 months, the TG 2 group was maximally reduced. Hence, the repeated ANOVA measures revealed highly significant difference in TG 2 and TG 4 groups. Figure 3b and Table 3 noted highly significant difference (P < 0.001) among all six groups for all follow-up periods and the maximum mean CI change was observed in TG 2 (41.8 ± 15.3, 85.6 ± 22.7, and 134.4 ± 20.0, respectively). Table 4 and Figure 4a of mean PPD values were reduced nonsignificantly among all groups at the baseline (P = 0.074), but in post 1 and 6 months, significant reduction occurred in TG 1 (434.8 ± 26.5; 400.2 ± 32.7). Repeated ANOVA followed same procedure as TG 1 and treated with laser according to the standard protocol and were clinically examined in every visit d. Test group 3 (SRP + herbal) (TG 3) n = 30: The patients of this group were first treated with SRP and a herbal dentifrice (Hiora-K toothpaste, Himalaya Ltd, India) was given and was advised to use two times a day and were clinically examined in every visit e. Test group 4 (SRP + herbal + laser) (TG 4) n = 30: The patients of this group followed same procedure as TG 3 and treated with laser according to the protocol and were clinically examined in every visit f. Test group 5 (SRP + laser) (TG 5) n = 30: The patients of this group were first treated with SRP and were treated with laser according to the standard protocol. The patients in this group were not given any toothpaste and were clinically examined in every visit.
Statistical analysis
The outcome measures were summarized as mean ± standard deviation (SD). Data were analyzed using Statistical Package for the Social Sciences, 18 (SPSS Inc., Chicago, IL) and MS-Excel. One-way ANOVA and Kruskal-Wallis test were used to evaluate the statistical analysis. Kruskal-Wallis test is used to compare three or more groups. Table 1 and Figure 1a compared the PI values among the six groups. At baseline, minimum mean PI was in TG 1 group (245.9 ± 26.5) while maximum in CG group (252.1 ± 15.9). No significant difference (P = 0.138) was observed at this stage. Post 1 week, a highly significant difference was noted in TG 4 and TG 2 that showed maximal reduction but minimal change was observed in control, TG measures noted that all groups showed a significant difference, but maximum reduction occurred in TG 2 Group. Table 4 and Figure 4b showed that TG 2 group had maximum mean PPD change after 1 month and 6 months with values 34.9 ± 12.2 and 71.3 ± 21.8, respectively, while minimum PPD mean change was in CG. Table 5 and Figure 5 revealed the comparisons of VRS values among six groups. At baseline, mean VRS was 4.0 ± 0.0 and same for all the groups (according to inclusion criteria). After 1 week, reduction in mean VRS was observed in TG 4 group (2.6 ± 0.5), i.e., highly significant (P < 0.001). After 1 and 6 months, significant reduction occurred in TG 2 group (1.5 ± 0.5; 0.3 ± 0.05), while CG showed minimal change.
RESULTS

DISCUSSION
A total of 180 patients were selected for the present study which was accomplished by G * Power v.3 software. [18] The determination of sample size was on patient-based analysis. A minimum of 10 patients per group was required if a difference of 0.8 mm (±0.6 mm SD within each group) and between the two groups was to be detected at a significance level of a = 0.05 with a power of y = 0.80 using a conservative two-tailed testing approach. Hence, the inclusion of at least 30 patients in each group that yielded the adequate statistical power for group comparisons.
The inclusion criteria involved only those patients who had at least two sensitive teeth in each quadrant; similar criteria was also followed by Brahmbhatt et al. 2012 [23] to select the patients for DH in their study.
Irving Glickman, a researcher in the field of periodontology, defined epidemiological indices as the attempts to measure the clinical conditions quantitatively on a graduated scale, facilitating difference among populations investigated by the same criteria and methods. [24] In the existing study, all the patients who fulfilled the inclusion criteria were examined for periodontal examination in every visit. It included PI, GI, CI, and PPD indices; with the help of these indices, it was easy to quantitatively calculate the reduction of DH in each patient in entire period of treatment.
PI was introduced by Silness and Loe in 1964 and it is used to measure the plaque thickness on gingiva and tooth surface. In the present study, PI values of each patient before treatment were recorded and the result showed a successive decrease in plaque quantity and DH. From Table 1 , it can be clearly observed that there is decrease in PI values of every group as the time interval increases. The maximum reduction was observed in TG 2 group with value F = 708.02, P < 0.001 with a statistically significant difference.
GI was introduced by Loe and Silness in 1963. GI is used to calculate the level of inflammation occurred on the periodontium. In this study, the GI was measured of every patient along with PI. The result of this study showed highly significant difference of GI mean in TG 4 group (F = 565.66, P < 0.001).
CI was introduced by Ennever et al. in 1961 ; it assesses the presence or absence of sub or supragingival calculus. The present study used CI to measure the reduction in calculus. The result of CI showed a significant reduction in DH as the time interval increased which can be clearly observed in Table 3 . The maximum reduction of CI was observed in TG 2 group with high significant difference among other groups with value F = 663.78, P < 0.001.
In this study, PPD mean values showed maximum reduction in TG 2 group (F = 273.57, P < 0.001) that can be observed from Table 4 . Overall, the improvement in DH was directly proportional to PI, GI, CI, and PPD mean values which showed a persistent reduction in DH. Out of all the groups', minimum reduction was observed in CG in which patients were treated with noninvasive periodontal treatment only. Hence, the laser groups along with nanocrystalline hydroxylapatite dentifrice and herbal dentifrice showed a significant reduction in all the indices and reduced DH because these treatment procedures occluded the dentinal tubules and reduced the sensation of pain in sensitive teeth of patients.
VRS was used to evaluate the status of DH. The maximum scale value was taken as 4 in the present study. Minimum mean value of VRS after 6 months was recorded in TG 2 group (0.3 ± 0.5) and minimum in CG group (3.0 ± 0.5). In agreement with the present study, Dina Al-Tayeb in 2008 [25] performed a similar mechanism of clinical examination before periodontal treatment. A total of 52 patients were selected and their PI, GI, and PPD were recorded, and the pain scores were calculated using VRS, which was also similar to the present study. Habashneh et al. in 2017 [26] also compared commercially available toothpaste (herbal and nonherbal) and recorded GI, gingival bleeding index (GBI), visual analog scale (VAS) scores, and PI of 50 patients having gingivitis, plaque formation, and DH in every follow-up, similar procedure was followed by the present study.
Plaque is the primary etiological factor for gingival and periodontal diseases that may lead to DH. Thus, the patients among all the groups were treated primarily by manual SRP. It is the gold standard nonsurgical periodontal therapy. CG patients (30) were only treated with SRP. The result after 1 week showed decrease in the sensitivity level but that reoccurred after subsequent follow-up period [ Table 5 ].
The commercial market is swamped with dentifrices that have the capability to treat DH and also reduce the possibilities of gingivitis by reducing dental plaque and improves gingival health. They contain different desensitizing agents which obstruct the dentinal tubules and reduce pain. The reduction in pain can be recorded by different means such as verbal rating scale, [27] VAS, [28] and questionnaires. [29] Nanocrystalline hydroxyapatite dentifrice is a recently developed formula for the betterment of DH. In the existing study, it was used in TG 1 group. Post 6 months, this group noted a reduction in DH (Chi-square = 90.00, P < 0.001). TG 1 group also showed a successive reduction in PPD of DH patients (F = 231.05, P < 0.001), [ Table 4 ]. Vano et al. 2014 [30] conducted a study to evaluate the effect of nanohydroxyapatite in reducing DH, which is similar to the present study. The results showed that nanohydroxyapatite dentifrices were much more effective in treating DH after 2 and 4 weeks. TG 3 group of existing involved the use of herbal dentifrices to treat DH. TG 3 group showed effective results but slowly that can be observed from Tables 1-5. Kumari et al. 2016 [31] compared the efficacy of herbal and nonherbal dentifrices against DH on 145 patients having DH and were randomly divided into three groups: placebo, herbal, and nonherbal groups. The result showed herbal dentifrices was more effective than the nonherbal group.
Although in the present study, the protocol of laser treatment was followed according to the manufacturer and mode of action involved occlusion of dentinal tubules, there are mechanisms of lasers reported by several studies that are used to treat DH. Basically, lasers follow different phenomenon to treat DH. Its stimulates the production of ATP, which in turn increases the level of threshold energy of the nerve endings which provides an analgesic effect because production of b-endorphin [32] increases and cyclooxygenase enzyme gets inhibited and pain reduces. Lasers also stimulate odontoblasts to increase the production of secondary dentin. [33, 34] It occludes dentinal tubules. [35] The percentage of effective treatment of Nd:YAG laser ranges from 5.2% to 100%. Nd:YAG lasers narrow or occludes the dentinal tubules and blocks direct nerve analgesia due to which the pain is reduced. [36] The present study compared the efficacy of lasers along with dentifrices and dentifrices alone in treatment of DH. It involved the use of Nd:YAG lasers that followed the manufacturer's protocol to treat DH. Three groups involved lasers: TG 2 group, laser along with nanocrystalline hydroxyapatite; TG 4 group, laser + herbal dentifrices; and TG 5 group, only laser treatment. Out of these three groups, effective results were obtained from TG 2 group that was highly significant among all groups (P < 0.001) that can be clearly observed from Tables 1-5 . In agreement with this study, Ali et al. [37] compared a new treatment method for DH. They combined nano-fluorohydroxyapatite (NFH) with Nd:YAG laser. It was an in vitro analysis. They selected 60 freshly extracted human premolar teeth and divided into 6 different groups out of which NFH + Nd:YAG laser was highly significant among other groups. Similarly, Mohammed et al. 2014 [38] conducted a study to occlude dentinal tubules by combination of CO 2 laser and nanoparticle hydroxylapatite paste. Their result showed a statistically significant difference among all the groups, but better results were obtained with CO 2 laser and nanoparticle paste. Similar to our study, they also used Kruskal-Wallis test for statistical analysis.
After TG 2 group, TG 4 group was highly significant compared to other groups [ Tables 1-5 ]. The effect of herbal dentifrices along with Nd:YAG laser on DH was a new treatment modality that has been not reported yet.
TG 5 group involved the treatment of DH patients with only Nd:YAG laser. It was also effective in reducing pain in DH patients [ Tables 1-5 ]. There are studies that have used other lasers such as Er, Cr: YSGG, GaAlAs, Er: YAG, and diode lasers to treat DH successfully. Yilmaz et al. 2011 [39] compared the effects of two different lasers Er, Cr: YSGG laser and GaAlAs laser to treat DH. The result thus obtained showed that both the lasers were very effective against DH compared to CG and there was no significant difference between the two groups at any follow-up examination. Hashim et al. 2014 [40] reported a study to evaluate the efficacy of diode laser (810 nm) for treating DH. The result showed a complete reduction in pain after 1 week in Group 1, while in Group 2, the pain disappeared in 15 min. Yu and Chang 2014 [41] evaluated the efficacy of Er: YAG laser in treatment of cervical DH. 20 patients were given laser treatment for 2 min at 60 mJ/pulse with repetition rate 2 Hz. The follow-up time was after 4 weeks. A total of 18 patients showed significant decrease in DH. Mishra et al. 2017 [42] reported treatment of DH using diode laser and compared its efficacy with potassium nitrate gel and stannous fluoride gel. All the groups showed a significant decrease in DH, but when statistically compared, diode laser showed highest efficacy against DH. They concluded that 940 nm diode laser is more efficient in treating DH compared to gels.
CONCLUSION
Based on the result obtained from this study, it can be concluded that TG2 group patients showed maximum reduction in DH. While other laser groups, that is, TG4 and TG5 groups were also very effective in reducing pain due to DH. Hence, Lasers are better treatment options for management of DH compared to the dentifrices alone.
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